Abstract. Heritage buildings were generally constructed without regard for fire risks or the requirements for fire protection, as are obligatory in new constructions. When a heritage building undergoes a change to its original function, improvements to the building's fire safety are necessary to meet the needs of possible increases in occupancy loads and to account for fire risks related to the new usage. This research focuses on fire safety risks, fire protection and safety systems as well as the rules and regulations that an adaptive reuse heritage shop house is bound to when transitioning to a sleeping accommodation, which, in this case, means becoming a hotel. In this research, six heritage shop houses were chosen as case studies. The objectives of this research were to evaluate current fire emergency plans as well as to identify and assess possible fire hazards created by adaptive reuse of heritage shop houses to sleeping accommodations in Penang through a series of observations and interviews. The results of the research show that most of the buildings were provided with inadequate fire safety systems.
Introduction
A heritage building is a building that is considered to have historical significance. Factors making a building historically significant include its aesthetic, historic, scientific, and social value which are embodied in the place itself. Also important are its materials, setting, use, association, meaning, records, and related places as well as its related objects [1] . Most heritage buildings were built prior to the formulation of the Uniform Building By-Laws of 1984. Hence, the buildings were not subjected to the provision of fire safety requirements provided by the by-law [2] . As such, many of these heritage buildings were built without much thought given to fire protection and resistance.
Fire is one of the most threatening hazards, not only to the building's occupants, but also to the building's structure and content. Fire has long been an adversary of heritage structures, with some older structures having falling victim many times. Despite this fact, fire safety is generally neglected.
George Town, selected as a UNESCO World Heritage Site in July 2008, has many types of historical buildings. One such type of historical building is the shop house. A shop house is a local architectural building type that generally has two or three storeys that was used as a residence on the upper floor and a shop on the ground floor. Shop houses in Penang have greatly developed over time. These types of buildings can be easily modified; their open, simple structure simplifies installation of utilities and facilitates change (houses along a row can be combined for expansion) [3] . Altering existing buildings for new functions is not a new concept. In the past, buildings that were structurally secure were adapted to fit changes in needs or new functions without theoretical reflections [4] .
Adaptive reuse of heritage shop houses may be defined as modifying a building for use other than its original use for public access [5] . Through adaptive reuse, a heritage building may be rejuvenated in terms of both physical and economic value.
When upgrading and adapting a building for new use, the existing structure should be retained by strengthening and repairing its structural elements. Any alteration or strengthening to structural elements should be done in the most sympathetic and non-destructive way possible. Original methods and materials should be used whenever possible, or matching materials of similar properties, if originals cannot be preserved. If a building is deemed unsafe, it should be made safe following original methods and materials [6] , and it should fulfil the UBBL requirements, especially in terms of its fire safety system.
In the event that a heritage shop house is changed into sleeping accommodations for guests, the particular characteristics of the building's layout and occupants need to be known in order to reduce the fire risk to an acceptable level. People are particularly vulnerable to the effects of smoke and toxic fire gases when they are asleep. They are especially at risk as they might not be very familiar with the premises and escape routes. Guests may be tired after travelling for many hours or they may be deeply asleep, having gone to bed late after a heavy meal and/or having consumed alcohol, all of which might leave them in a disorientated state when being suddenly awakened by, for example, the sound of a fire alarm.
The Fire and Rescue Department of Malaysia (FRDM) reported cases of fire which happened to heritage buildings in Penang during 2013. There were 26 cases of fire, 14 (53.8%) of which happened in shop houses. From the fire cases reported, it can be clearly seen that most took place in shop house, with a total loss of ±RM2.318.200. Therefore, there is an urgent need to look into the fire safety aspects of heritage shop houses in Penang in order to determine the factors and causes than contributed to such a predicament.
Methodology
This research mainly focused on 6 heritage shop house units that have been adapted into sleeping accommodations, which, in this case, are hotels. From the pilot survey that was conducted, it was determined that there are around 60 heritage shop houses that have the same characteristics as were needed for the case study, thus, they were used as the population.
Since this type of research is qualitative, descriptive research, the size of the sample was based on 10% of the entire population according to recommendations by Gay and Diehl (1992) [7] . All the buildings were chosen randomly based on permission from the building owners. This condition also became a limitation for obtaining samples in this research.
All of the case studies fall into Heritage Building Category 2 and are located in the Core Zone area of George Town, Penang. Red Inn Heritage is a two storey shop house located at 15 Love Lane. The architectural style of the building is Early Straits Eclectic. It was built around 1880s-1920s and started operating as a hotel in 2011. The building has a total area of ± 644m 2 and provides 34 guest rooms.
(2) Red Inn Penang (Fig. 3 
Research Method
This research is a qualitative case study which can allow researchers to explore or describe a phenomenon in context using a variety of data sources [8] . This ensures that the issue is not explored through one lens, but rather a variety of lenses which allows for multiple facets of the phenomenon to be revealed and understood [9] . To collect the primary data, observations were carried out directly at the aforementioned case study locations. Possible fire hazards as well as both passive and active fire safety systems were observed and photographed. Measurements of the buildings' layout or floor plan were also taken. During observations, all elements of fire safety had to be inspected. Observations were carried out over the course of several visits until all needed data was collected.
At the same time, some of the data comes from unstructured interviews with staff or those in charge in the building. By using unstructured interviews, the researchers/ interviewers were able to ask different questions to the interviewees without following a strict line of questioning. This was the best way to uncover important information [10] because the interviewees were willing to share insights that otherwise might not have been divulged. [11] .
All of the data collected was very important in order for the researcher to identify existing conditions of fire safety within the buildings. The process of collecting the data was done in December 2013 and again in March 2014.
Since this research is a qualitative case study, all of data from site observations and interviews were analysed using descriptive analysis which included the creation of figures, tables and the building layouts for every case study. By using descriptive analysis, all the data can be described piece by piece and in depth. In this way, the existing fire safety conditions of the case study sites have been clearly laid out.
Data Analysis and Discussion

Possible Fire Hazards
After the analysis of fire safety risks was carried out, it was found that the most common hazard in every building came from the buildings' structure and materials. Highly combustible materials like timber for flooring, partitions, staircases, doors and windows were used. Due to the regulations restricting extreme modifications on heritage shop houses along with the desire to preserve the original features of the building to attract tourists coming to Penang, owners try to maintain the existing building.
All of the buildings are non-smoking areas and 5 of 6 buildings do not provide a kitchen, thus, the open flame hazard is reduced. The Red Inn Penang is the exception with a kitchen containing a gas stove to serve meals to their guests, while the other premises use electrical appliances to serve meals. All the buildings have quite good wiring installation.
Rainbow Lodge 2 and Syok Hostel provide laundry service within the building using a washing machine and special linen storage for all fabrics. All cleanser liquids are kept in a special storage or safety area.
In terms of storage, most of the buildings, such as Red Inn Heritage and Rainbow Lodge 2, do not have a proper warehouse. Unused products are merely placed at the rear, thereby blocking the outer exit door.
Passive Safety Systems
a) Party Walls
Each case study location is separated from neighbouring buildings with more than 25cm thick party walls on the right and left sides, rising above the upper roof surface. In the event of a fire, the thickness of the party wall can stop flames temporarily while the occupants evacuate from the building.
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b) Emergency Exit Routes
The width of the exit routes for all of the case studies, except Rainbow Lodge 2, meets the requirement that they not be less than 70cm wide. Parts of the corridors located adjacent to the staircase in Rainbow Lodge 2 are only 60cm wide. The exit routes in all of the buildings are clear from any obstacles and free from tripping and slipping hazards. Only Ryokan Chic Hostel needs to maintain the carpet covering its wooden floor surface to reduce the slipping hazard.
c) Staircases
Every case study had problems with their staircases, though issues were not found for all elements examined. The most commonly found elements not conforming to standards were the number of treads as well as height and width of treads. From all of the case studies, only Syok Hostel has complied with staircase requirements.
d) Fire Doors
Only Syok Hostel has installed a fire door. The fire door separates the staircase area from the private area (guest room).
e) Final Exit Doors
Four of the six buildings have installed a final exit door at the rear of the building. The back door of Red Inn Court is not intended as an exit point, but there are two exit points at the front side. Ryokan Chic Hostel only has one exit point which is also the main entrance. The exit doors in all of the buildings are locked with padlocks.
f) Dead Ends and Travel Distances
Most of the buildings meet the requirements for permissible dead ends in every room which is not more than 10m according to the UBBL seventh schedule. The travel distances in most buildings do not exceed that which is permissible for buildings without sprinklers, which is no more than 30m, except for the ground floor of Ryokan Chic Hostel and Red Inn Heritage. Ryokan Chic Hostel exceeds the allowed travel distance because of the absence of a final exit door at the rear. Thus, all occupants must follow routes to the main door. For Red Inn Heritage, the excessive travel distance is due to the length of the building, which is more than 75 meters, as well as the lack of space on either side of the building, making it impossible to reduce the travel distance.
g) Emergency Lighting
Emergency lighting is provided along the exit route in each case study. However, for several buildings, the amount of provided emergency lighting is not adequate. As is the case at Rainbow Lodge 2, the lighting is only fitted under the staircase to brighten the ground floor while no lighting is provided on the 1 st floor. On the other hand, the amount of emergency lighting on the 1 st floor of Red Inn Heritage and Red Inn Court is inadequate because of the length of the building at Red Inn Heritage and the corners and aisles of Red Inn Court.
h) Exit Signs, Fire Notices and Emergency Plans
Exit signs are provided at every exit door and exit point within all of the buildings. However, in several buildings, the placement of the exit sign is quite confusing because they have been put in improper places. As at Red Inn Heritage, the exit sign is fitted on the rear door, but the rear is not the location of the final exit. Furthermore, at Ryokan Chic Hostel, the exit sign is fitted on a rear door which is deadlocked because there is no final exit door at the rear. Only two of six buildings have fire emergency plans and fire action notices: Red Inn Court and Syok Hostel.
i) Smoke Ventilation Systems
Original heritage shop houses generally contain an air well. However, if a building owner needs more space for their hotel rooms, the air well is often roofed with a skylight roof or a combination of a metal roof and a skylight. The air well area should facilitate smoke ventilation so that the smoke does not collect within the building. Only the roof of the air well area in Red Inn Penang can be opened manually. The actually purpose of this roof is for controlling the air conditioner.
Active Safety Systems a) Portable Extinguishers
As an active safety system, all of the buildings have portable extinguishers, though these are the only fire fighting system. The portable extinguishers used are Type A fire extinguishers which are the correct type. The weight of the extinguishers that are used in most buildings is 9kg, but only Rainbow Lodge 2 provides 1kg extinguishers. The portable extinguishers in all of the buildings were placed in prominent areas except one extinguisher in Red Inn Court which was located behind the partition used to cover the warehouse. However, the number of portable extinguishers provided in several buildings was not adequate for the size of the buildings.
b) Fire Detection Systems
Not all of the building provide smoke or heat detectors. Red Inn Court, Ryokan Chic Hostel and Syok Hostel are the only three buildings that have smoke detectors in every guest room within the building. Only Red Inn Heritage has provided a manual call point while the other buildings do not have one.
c) Fixed Extinguishing Systems
None of the owners in these case studies has installed a fixed extinguishing system for their building. The fire fighting system that is provided is merely portable extinguishers. Whereas, according to UBBL, the hose-reel system should be installed for 2-3 storey hotel buildings.
Readiness of Human Sources
In terms of owners' or building authorities' awareness of their staff's knowledge and ability when it comes to the implementation of fire safety, it was found that from the six buildings, there were only two that perform fire drills at least once a year. These are Ryokan Chic Hostel and Syok Hostel. Whilst the staff at Red Inn Court claimed that, even though they had not held fire drills, they understand how to use the extinguisher and they knew what actions to take in case of fire. On the other hand, most of the staff at Red Inn Heritage did not know how to use a fire extinguisher nor did they know what action to take in the event of fire.
Conclusion
The outcome of this research shows that many building owners are less responsive to the importance of a final exit door and they do not realize the importance of having a fire emergency plan or fire notices. Rather, they are content with simply providing portable extinguishers as the only measure of active fire protection. Most of the buildings that still retain their original condition have not achieved a high level of fire safety awareness. Such buildings are made up of more than 70% timber which is a highly flammable material. However, buildings that have been renovated also cannot be guaranteed to fulfil all requirements. From all of the selected case study locations, Syok Hostel has the best fire safety system conditions and fire awareness. This building nearly fulfils all fire safety requirements according to the UBBL.
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